Introduction: The etiology of recurrence of chronic subdural hematoma (CSDH) after surgical evacuation has not been completely understood until now, but several risk factors for recurrence have been reported. Meanwhile, the definitive risk factors have not been defined until now. Aim of Study: Analyze the potential risk factors, and emphasize preoperative, operative and post-operative ones for CSDH recurrence. Patients and Methods: This study is a prospective randomized clinical trial study including 82 patients with symptomatizing CSDH who underwent burr holes procedure and irrigation with closed system drainage for CSDH at Neurosurgical Department-Assuit University Hospital from July 2016 to July 2018. The possible factor studied for recurrence included age, hypertension, diabetes mellitus, liver diseases, Hemoglobin (Hb) level, prothrombin concentration and time (PC and PT), hematoma thickness and internal architecture, number of burr holes and position of drain, duration of drainage, amount of drainage and presence of postoperative residual hematoma on follow up CT brain. Multiple logistic regression analysis is used to assess the predictors of recurrence. Results: This study included 70 males and 12 females. The mean age was 58.9 years (range 34 -93 years). 6 patients presented with recurrent CSDH. Age above 60 years, Hypertension, Diabetes mellitus (DM), prolong PT, separated and trabecular internal architecture of hematoma, and the thickness of hematoma more than 20 mm in pre-operative CT and postoperative residual hematoma were statistically significant factors for recurrence of CSDH. Conclusion: This information might be helpful in detecting patients with possible high incidence of recurrence and directing for close follow ups and acts that may reduce the incidence of recurrence.
Introduction
Chronic subdural hematoma (CSDH) is a common disease in neurosurgical practice and the incidence is increasing. The initial bleeding in CSDH is likely to have a venous origin. Blood evokes an inflammatory reaction resulting in fibrin deposition, followed by organization and formation of neomembranes. A high plasminogen content within the outer neomembrane enhances fibrolytic activity. This results in effusions of plasma or rebleeding from the neomembranes into a subdural collection. In the last twenty years, the most frequently used surgical techniques have been burr-hole drainage, irrigation and closed drainage. However it has been reported that recurrence rate ranges from 3.7% to 30% [1] .
The etiology of recurrence of CSDH has not been completely understood until now, but several risk factors for recurrence of CSDH have been reported, including advanced age, brain atrophy, bilateral CSDH, hematoma density, seizures, diabetes mellitus, bleeding tendency, alcohol abuse, and postoperative posture [2] . However, the definitive risk factors have not been defined until now. Most studies focused on the preoperative factors, but few concerned the surgical or postoperative factors.
The Aim of the Study
The aim of the study was to analyze the potential risk factors, nd emphasize preoperative, operative and post-operative ones for CSDH recurrence.
Patients and Method

Study Design
This study is a prospective randomized hospital-based clinical trial study including total of 82 patients with CSDH who were admitted to Neurosurgical Department-Assuit University Hospital from July 2016 to July 2018 and underwent burr holes procedure and irrigation with closed system drainage.
All patients were subjected to detailed history, general clinical examination, complete neurological examination included GCS and motor power, laboratory investigation as cbc, pc & pt, liver function tests and computerized tomogram (CT) of the brain.
Operative Technique
Under general endotracheal anaesthesia, the patient was positioned in supine position with the head slightly elevated (15˚) and tilted to healthy side.
After scalp incision and burr hole/holes craniostomy was/were done, the outer layer of dura cauterized by bipolar diathermy, then we opened the dura in criss-cross manner with gradual evacuation of hematoma. The margin of opened dura was cauterized until shrunken completely to avoid bleeding from the opened dura to the subdural space. after that genital irrigation of hematoma by normal saline until complete evacuation of hematoma and the wash comes out clear, closed system drainage with negative pressure was applied either subdu- 
Outcomes Assessment
The Glasgow coma scale (GCS) and motor power were used to assist patient clinical outcome. Also postoperative CT image was done within 48 to 72 hours postoperatively to detect any residual hematoma. Once the patient clinically and radiologically improved, discharged and followed in an outpatient clinic bases.
Numerous factors influencing recurrence have been reported in the literature.
The risk factors that will be studied for recurrence in our study are: -Preoperative risk factors:
1) Age of patient.
2) Associated chronic diseases like hypertension, diabetes mellitus, and liver diseases.
3) Laboratory investigation like Hb level, PC and PT. b) Internal architecture of CSDH according to Nakaguchi et al. [3] as homogenous, laminar, separated and trabecular.
-Operative risk factors:
1) Number of burr hole: one or two burr holes.
2) Position of drain: subgaleal or subdural. -Postoperative risk factors: 1) Duration of drainage: less than 3 days and 3 -5 days.
2) Amount of drainage: <100 cc, (100 -200 cc), (200 -300 cc), and greater than 300 cc.
3) Present of postoperative residual hematoma on follow up CT brain.
Statistical Analysis
The data was tested for normality using the Anderson-Darling test and for homogeneity variances prior to further statistical analysis. 
Results
This study included 70 patients (85.4%) males and 12 patients (24.6%) females.
The mean age was 58.9 years (range 34 -93 years). 65 patients (79.2%) presented with headache and hemiparesis, while 17 patients (20.8%) had disturbed conscious level with GCS ranged from 8 -14. Postoperatively, all patients showed marked clinical improvement regarding conscious level and motor power. Six patients (7.3%) presented with recurrence of CSDH as shown in Table 1 . Allthese patients underwent re-evacuation with good outcome. Table 2 summarized the results of the risk factors for reccurence.
*Results of preoperative risk factors for recurrence:
All patients with recurrence of CSDH were above 60 years old which was not statistically significant (p = 0.246).
Diabetes and hypertension were statistically significant factors regarding recurrence of CSDH; 4 out of 6 recurrent patients were diabetic (66.7%) with (p = 0.027), while all patients with recurrence were hypertensive (100%) (P = 0.021).
There is no relationship between recurrent CSDH and patients with chronic liver diseases (p = 0.889).
Among recurrence patients, about 2 patients (33.3%) had prothrombin time more than 14 seconds (control 11.5 -12 second) with significant correlation with recurrence (p = 0.025), while prothrombin concentration of more than 70% is a protective factor of recurrence CSDH (p = 0.029).
The statistically significant recurrence occurred in 2 patients (33.3%) and 4 patients (66.7%) with both separated and trabecular hematoma respectively; the p-values were (p = 0.044) and (p = 0.025) respectively while there were no recurrence among others.
All six patients displayed recurrence had radiological hematoma thickness more than 20 mm and was statistically insignificant (p = 0.34).
*Results of operative risk factors for recurrence: All the recurrent cases of CSDH occurred exclusively among patients underwent two burr holes n = 6 (100%) and also recurrence was more among patients with subgalial (Sg) drain n = 4 out of 6 (66.7%) in comparison with patients with subdural (Sd) drain but that was statistically insignificant where p-value was (p = 0.633) and (p = 0.599) respectively. *Results of postoperative risk factors for recurrence: Although recurrence was exclusively among patients with the drain maintained for 3 days or more, it is statistically insignificant (p = 0.52). Also there Out of all patients of recurrence, about 4 patients (66.7%) had postoperative residual hematoma and was statistically significant (p < 0.001).
Discussion
The literature states that the risk of CSDH recurrence increases with age. This may be correlated to brain atrophy and decay of cerebral veins. In our study, no [4] .
Also, no significant difference was observed between the incidence of recurrence of CSDH among patients with liver disease and those who had no liver disease, which may be attributed to inactive chronic hepatitis while the liver is not in cirrhotic stage. On the contrary patients in Gronbaek et al. [5] were in cirrhotic stage of liver disease and this was associated with increased risk of recurrence.
Also in this study prolonged prothrombin time was correlated with increased recurrence of CSDH, due to deficiency of clotting factors (I, II, V, VII, and X) made by the liver.
We found that hypertension was a risk factor of recurrence, as it may cause damage to blood vessels specially in elderly patients whose blood vessels were sclerotic and inelastic so these vessels are more liable to rupture, in contrary with the study of Torihashit et al. [6] which showed that hypertension did not have any effect on recurrence.
Regarding diabetes, Torihashi et al. [6] , speculated that viscosity increases in diabetic patients, an osmotic pressure increase will trigger coagulation and decrease the risk of hematoma; however, they could not determine diabetes as an effective factor in their studies. Tugcu et al. found that was no association between diabetes and CSDH recurrence [7] . In our study, diabetes was a significant risk factor of recurrence of CSDH, which may be correlated to capillary vasculopathy, particularly in patients with CSDH, where there is a sufficient capillary network on the outer membrane and the vasculopathy here may lead to a growth or recurrence of the hematoma.
Regarding the internal architecture of CSDH: separated stage of CSDH is consideedr as a significant risk factor of CSDH in many reports [4] [5] [7] [8] [9] [10], others stated that the laminar stage of CSDH is a risk factor of recurrence [1] and homogenous stage has the lowest recurrence rate in all previous reports. In this study we found that both separated and trabecular hematomas are risk factors of recurrence, due to hyperfibrinolysis and the rebleeding from the neomembrane (the blood vessles of neomembrane is premature and friable) is high, so the operation of evacuation of CSDH is preferable to do in homogenous stage to decrease the incidence of recurrence unless severe symptoms are present.
Many authors stated that hematoma thickness > 20 mm was significant risk factor of recurrence CSDH [1] [6] [8] [10] [11], the pathogenesis is unknown but it has been stated that any factor leading to a prolonged postoperative widening of the hematoma cavity (brain atrophy, residual hematoma, massive subdural air collection, excessive fluid drainage through subdurally placed drains) may cause an impaired adhesion between the inner and outer hematoma neomembranes and thus facilitates postoperative recurrence [12] [13] .
Few studies have been conducted to compare directly the use of one and two burr-hole techniques for the surgical management of chronic subdural hemato- [14] , and no consensus has been reached whether one technique is superior to the other.
Hammer et al. [13] Oh et al. [15] reported no significant difference in recurrence rate observed between 2BHC (two burr holes craniostomy) and 1BHC
(one burr hole craniostomy), but Taussky et al. [16] reported a significantly higher rate of recurrence was found for 1BHC compared to 2BHC. In our study, recurrence rate was more in patient underwent 2BHC but that was statistically insignificant.
We did not find studies that investigated directly the comparison between subdural with subgaleal drainage and incidence of recurrence of CSDH. Although some reported that the recurrence rate was low when using subdural (Sd) drainage [8] , there is still a disagreement on whether subdural drainage should be performed postoperatively. Placement of a subgaleal (Sg) drain after a craniotomy has been reported with a low recurrence rate in the thesis of Gazzeri et al. [17] . In this study although recurrence rate was higher in patients with subgalial (Sg) drainage compared to patients with subdural (Sd) drainage but that was statistically insignificant.
Regarding the relationship between volume of drainage and recurrence rate:
Hammar et al. [13] reported that there is a correlation between postoperative drainage volume with the recurrence rate, when the total drainage volume was below 200 ml, the recurrence rate increased from 0% to 6.4%, while Cheng et al. [1] found that larger drainage amount is independently associated with higher recurrence rate of CSDH. They suggested some explanations. First, some CSDH with large post-operative drainage amount may be transformed from subdural hygroma, notably it has been reported that persistent subdural hygroma is an important risk factor in the development of CSDH. Second, some elderly patients had severe cerebral atrophy and poor brain re-expansion, after hematoma evacuation, cerebrospinal fluid may pass through into the low pressure subdural space. If there is a large amount of subdural effusion, the bridge veins in the subdrual space may tear gradually and bleeding from the inner membrane or more anti-thrombolytic factors produced made the CSDH recurrent. However, Stanisic et al. [4] reported that there was no correlation between postoperative drainage volume and the recurrence rate, which correlate with our results, where no relationship between recurrence rate and volume of drainage was observed.
Stanistic et al. [4] reported that the appearance of acute subdural clots in cranial base CSDHs on CT scans obtained within four days post surgery had a higher recurrence rate than those with absence of these clots. Kong et al. [18] suggested that recurrence rate depends on the removal of the residual semisolid subdural hematoma component and the removal, dilution and inactivation of endogenous fibrinolytic agents and refilling the subdural cavity with saline prevent the influx of air into the subdural space which will reduce the recurrence rate of CSDH. In our study, the recurrence was significant in patients with postoperative residual hematoma followed up by brain CT 24 to 48 hours and within 3 weeks af-Open Journal of Modern Neurosurgery ter surgery, so it is important to remove solid or semi-solid hematoma either by continuous irrigation or craniectomy.
Conclusions
Certain risk factors influencing postoperative recurrence of CSDH were articulated in our study as Hypertension, DM, prolonged PT, separated and trabecular internal architecture of hematoma, and the thickness of hematoma more than 20 mm in pre-operative CT and postoperative residual hematoma. However, there was no correlation between age of patient, inactive chronic liver disease, number of burr hole, position of drain and amount of drainage and recurrence of CSDH.
This information might be helpful for identifying patients with high incidence of recurrence in order to set close follow ups and acts to reduce the recurrence such as evacuation of hematoma which is performed at homogenous stage and complete evacuation of hematoma may reduce the incidence of recurrence.
Limitation of the Study and Recommendation
Limitation of our study was the small sample size and short duration, so further studies should be conducted over longer periods and large number of patient to confirm the risk factors of CSDH recurrence.
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